The ecology of mosquito species (Diptera: Culicidae) 
The daily biting rhythms and the possible effects of lunar cycles on mosquito population behavior are described as part of the ongoing study of the mosquito ecology in areas of the Serra do Mar State Park (PESM), Picinguaba Nucleus, city of Ubatuba, State of São Paulo. The monthly frequency, climatic factors and habitat distribution of mosquitoes have been previously described (Guimarães et al. 2000a,b) .
MATERIALS AND METHODS
Three collections sites (A/B/C), described previously (Guimarães et al. 2000a,b) , were selected in sylvatic environments in PESM. Biweekly collections were made during different periods of the day using human bait from January 1991 to December 1992. This work is part of the main author's PhD thesis and was accomplished with the help of CNPq, process no. 41.1613/88. Biweekly collections in sites A, B and C were conducted during three periods each day: daylight (10-12 h and 14-16 h) and nocturnal (18-21 h). For each sampling period, two team members were collected landing/biting mosquitoes by mouth aspirators and placed in screen topped boxes.
Collected mosquitoes were killed with chloroform and placed in labeled boxes. Mosquitoes were returned to the laboratory where they were identified according to current literature and systematic proposals of Harbach and Kitching (1998) and Judd (1996 Judd ( , 1998 for the Sabethini tribe. Representative specimens were incorporated in the Entomological Collection, Department of Entomology, Oswaldo Cruz Institute, Fiocruz, under the title of "Atlantic Forest Collection".
Mosquito species daily biting rhythms and influence of lunar cycle were determined by using Williams averages (X w ) according to the definitions of Haddow (1954 Haddow ( , 1960 and Forattini et al. (1981) . To analyze the significance of the influence of the lunar cycle upon the mosquitoes population the Kruskal-Wallis test (Kruskal & Wallis 1952) was applied. In this test, the variables analyzed are considered as influential for the species occurrences when the H value found is higher than the H critical value. Numbers lower than H critical value indicate that the referred variables are not influencing the species and any differences observed in its incidence are not directly related to those aspects. For the present case and with a significance level α = 0.05 we have the critical value H 0.05,4,4,4,4 = 7.24.
Only species with a nocturnal biting cycle were analyzed with respect to the lunar cycle. Graphic representations and statistical analyses were made only for species that represented a total number of collected individuals >1% of the members of each sub-family or tribe collected.
RESULTS
Daily biting rhythms -The hematophagic cycles of the mosquitoes sampled in most cases were clearly linked to either the diurnal or nocturnal periods of the day. Generally, members of the subfamily Anophelinae were active during nocturnal hours while members of the tribe Sabethini were active during daytime hours. Members of other Culicinae tribes were primarily active during the day or night, depending upon the species (Table, Fig. 1 ). The importance of the day or night periods in the mosquitoes activity becomes very clear through the Williams average displayed in the graphics at Fig. 1 , indicating the great and direct response of all analyzed species to the day/night periods. The more common species for each of those three groups are analyzed below.
Anopheles fluminensis was the most common anopheline species in nocturnal samples, with 98% of the specimens collected during this period of the day and X w = 4.0. The other anopheline species captured during the night were An. mediopunctatus s. l. (94%, X w =16.9), An. oswaldoi (88%, X w = 2.7) and An. cruzii (88%, X w = 10.3) (Table) .
Among non-Sabethini Culicinae, Culex nigripalpus showed a clear preference for the nocturnal period (96%, X w =13.8) (Table) . Aedes scapularis and Ae. serratus were collected during all collections. Ae. fulvus was the most frequently collected Aedes species, and although collected during the day it was more frequently collected during the nocturnal period (75%, X w =7.3) (Fig.  1) . Members of Culicinae that were collected primarily during nocturnal periods (except for Cx. nigripalpus) included Coquillettidia chrysonotum and then Cq. venezuelensis. Psorophora ferox and Ps. albipes were the only other members of Culicinae that were active during daytime; 93%, X w = 74.8 and 88%, X w = 39.6 respectively (Table, Fig. 1) .
The Sabethini is a group of mosquitoes with typical sylvatic behavior and diurnal hematophagic activity. Trichoprosopon pallidiventer were collected almost exclusively during the diurnal periods (99.3%, X w = 3.5). The only exception was Tr. digitatum that were collected mainly during nocturnal periods (Fig. 1) . Runchomyia reversa and Ru. frontosa showed a clear preference for biting in daylight (90.6%, X w = 4.3; 90.5%, X w = 10.7) (Table, Fig. 1 ). Wyeomyia species followed a similar pattern in preferring the diurnal period. Wy. shannoni occurred exclusively in these samples (Fig. 1) . Wy. (Phoniomyia) was the group of Sabethini species that most clearly showed a tendency for diurnal biting. Among the studied species, three occurred exclusively in these samples: Wy. palmata, Wy. longirostris and Wy. davisi (100%, X w = 2.4; 100%, X w = 20.2; 100%, X w = 3.7) (Fig. 1) . More than 97% of specimens of the other species of Wyeomyia were collected during diurnal periods (Table) . Limatus flavisetosus, Li. durhami and Li. pseudomethisticus were also cap- (Fig. 1) . Lunar cycle -According to the Kruskal-Wallis test it was observed that the lunar cycle exercises no direct influence on the culicidae fauna (Fig. 2) , and so its population incidence does not vary significantly according to the phases of the moon. Even though, observations of the nature behavior and graphics of the Williams average of each species (Fig. 2) indicate a slight variation of some of these species at one or other lunar phase.
Among Culicidae species with nocturnal activity patterns, only Ae. scapularis did not demonstrated a preference for biting during the nights of the new moon (Fig. 2) .
The species of Anophelinae that showed the greatest preference for the darkest nights was An. fluminensis (H = 4.80). An. oswaldoi and An. mediopunctatus captures did not change throughout the lunar cycles. An. cruzii was more frequently collected during the new moon but was also captured in significant numbers during the first and last quarter moons (Fig. 2) .
Cx. nigripalpus were collected more frequently during the new moon (X w = 8.4), followed by the last and first quarter moons (X w = 3.5; X w = 3.1). This species was poorly found during the full moon (X w = 1.9) (Fig. 2) . Ae. fulvus was also more abundant at nights of the new moon (H = 1.61), which Ae. serratus also preferred but not so intensely (H = 0.75). Ae. scapularis was the only species of Aedes that was collected more frequently during the full moon (H = 3.72) (Fig. 2) chrysonotum showed a slightly higher preponderance than Cq. venezuelensis (H = 3.82; H = 2.36) (Fig. 2) .
Tr. digitatum was the only Sabethini species that occurred mainly in nocturnal samples. This behavior to bite during the darker periods is clearly demonstrated in the lunar cycle data (H = 1.06) (Fig. 2) .
DISCUSSION
Daily biting rhythms -The study of the hematophagic activity of mosquito species facilitates a better understanding of transmission of human and/or animal pathogens. For this purpose, there are two main issues to be considered: mosquito biting rhythms and the host on which the mosquito feeds. Bates (1949) observed that the age and type of vegetation coverage could determine the incidence of hematophagous insects. An older forest with vegetation 15 to 20 m in height, similar to that found at Pinciguaba Nucleus in PESM tends to favor birds and arboreal mammals. Birds are active during the day and so are related to nocturnal acrodendrophilic mosquitoes and in some cases almost exclusively to ornithophilic species. Arboreal mammals are active during different periods of the day. Monkeys are diurnal animals and so favor the hematophagic activity of nocturnal acrodendrophilic mosquitoes. Deane et al. (1969 Deane et al. ( , 1971 ) discuss about the importance of this behavior in the transmission of simian malaria. On the other hand, those monkeys are also frequently bitten by Sabethini, which are mosquitoes with a diurnal acrodendrophilic behavior and related to the cycle of jungle yellow fever (Galindo et al. 1966) . Small rodents and marsupials are, by their turns, active during the night period and so serve as better hosts for diurnal mosquitoes, in all parts of the forest. Machado-Allison (1982) observed that many Culicidae species have their activity period related to the resting time of the hosts on which they feed. Veloso et al. (1956) and Forattini et al. (1968) correlated the acrodendrophilic behavior of An. cruzii with its feeding preference for arboreal vertebrates resting in the forest canopy during the night. An. cruzii had been characterized as an acrodendrophilic species. Nevertheless, Veloso et al. (1956) , Deane and Ferreira-Neto (1969) , Deane et al. (1971) and Forattini et al. (1978) observed an homogeneous distribution of this species between the canopy and ground level, in nocturnal samples with the use of human bait. Guimarães et al. (1985) described similar behavior for diurnal samples and confirmed the preference for canopies at night. In the present study, An. cruzii showed clear preference for the nocturnal period (Fig. 1) . Consequently, it would appear that the behavior of this species is strongly linked to vegetation coverage and the presence of certain hosts.
Lourenço-de-Oliveira and Heyden (1986), Guimarães et al. (1987) and Forattini et al. (1989) observed the correlation between nocturnal activity of Cx. nigripalpus and its ornithophilic habits. They also found that in the presence of man the species showed anthropophilic behavior. Due to this capacity, these authors believe that Cx. nigripalpus could be a possible vector of Saint Louis encephalitis virus. In the present study, this species was captured as previously recorded by Guimarães and Victório (1986) (Fig. 1) . Guimarães and Victório (1986) and Nayar (1983) reported the great potential of dispersion of Cx. nigripalpus during the nocturnal period. In the diurnal period, this species occurred only in the dense, dark and humid forest.
Ae. scapularis had an eclectic behavior in its hematophagic activity in relation to the period of the day (Fig. 1) . The same was observed by Rachou et al. (1958) in the county of Ponta Grossa, State of Santa Catarina and Guimarães and Victório (1986) in the Serra dos Órgãos National Park (PNSO). Irrespective of whether this species occurred in diurnal or nocturnal samples, it demonstrated an increase in activity during the period of sunset in these three cases. Forattini et al. (1981) in Vale do Ribeira, State of São Paulo, described the diurnal activity of Ae. scapularis with an increase in biting at sunset and the greatest incidence a little after, when already dark. Degallier et al. (1978) , in Suriname, collected Ae. scapularis only in diurnal samples. Forattini et al. (1968) , in Vale da Ribeira, and Lourenço-de-Oliveira and Silva (1985) , in rural areas of State of Rio de Janeiro, considered this species eclectic and with a population increase just after sunset. Differences in biting peaks during the day are probably related to climatic variations such as wind, temperature, humidity and sunlight as well as under the influence of endogenous stimuli. Nevertheless it should not be forgotten that Ae. scapularis could probably be a "species complex", what could be the main source of this differences in behavior.
Ae. serratus was also an eclectic species with an increase in its activity at twilight.
Biting peaks of Cq. chrysonotum and Cq. venezuelensis, occurred at twilight as observed by other authors (Haddow 1954 , 1960 , Forattini et al. 1981 , Guimarães et al. 1987 (Fig. 1) . Forattini et al. (1981 Forattini et al. ( , 1986 and Guimarães et al. (1991) , found Ps. ferox to be more active during the day. The same was observed in the present study for the same species, as well as for Ps. albipes (Fig.  1) . Although, in the latter species Forattini et al. (1968) found a less clearly defined biting rhythm.
Although species of the tribe Sabethini are largely diurnal, Tr. digitatum were collected more commonly during the crepuscular period. Davis (1945) in Fazenda Comari, Teresópolis, State of Rio de Janeiro, described the occurrence of Tr. digitatum in the darkest hours of the diurnal period on colder and drier days. The same author affirms that other species of the same genus could occur at similar times but only when the ambient humidity was high. Guimarães and Victório (1986) in PNSO, close to the area studied by Davis (1945) , captured Tr. digitatum at sunset and to a lesser degree later in the night. Forattini et al. (1968) could only sporadically collect it during the nocturnal period. Degallier et al. (1978) , in Suriname, captured Trichoprosopon species, including Tr. digitatum, exclusively in diurnal samples. Forattini et al. (1968) and Guimarães and Victório (1986) discussed the significant occurrence in nocturnal samples of Ru. reversa and Ru. frontosa, that were at that time identified as Trichoprosopon species. Both species presented primary diurnal activity in the present study and just rare occurrences at night (Fig. 1) .
The remaining Sabethini species were captured mainly during the diurnal period. The same was observed by Davis (1945) , Galindo et al. (1966) , Forattini et al. (1968 Forattini et al. ( , 1981 , Degallier et al. (1978) , and Guimarães and Victório (1986 (Fig. 1) . Two species behaviored as atypical Sabethini as far as biting rhythms are concerned because they were constantly present in nocturnal samples: Wy. confusa and Wy. lassalli (Fig. 1) . Forattini et al. (1968 Forattini et al. ( , 1986 and Guimarães and Victório (1986) found the same behavior for Wy. confusa.
Influence of the lunar cycle -It is well established that the lunar cycle affects the biting behavior of many insects. Silveira-Neto et al. (1976) considered that the phases of the moon influence the activities of insects. However, few studies can be found which analyze the influence of lunar cycle upon mosquito fauna. Bidlingmayer (1964 Bidlingmayer ( , 1967 , Degallier et al. (1978) and Charlwood et al. (1982) reported that moonlight variations could directly influence mosquito activity. Bidlingmayer (1964) reported that hematophagic activity occurs indistinctly during the full and new moon, but that greater flight activity occurred during the more illuminated nights. In the present study, mosquito species were also active within all moon phases, but the greatest incidences occurred during the period of new moon (Fig. 2) . Degallier et al. (1978) observed that nocturnal species were most influenced by moonlight variations.
Ae. scapularis were most abundant during the full moon, as had been observed by Bidlingmayer (1964) . This author reported that more illuminated nights are favorable to the flight activity of some mosquitoes species. In the present study, the greatest incidence of Ae. scapularis was at a site where a scattered shrub-like vegetation coverage is found. This habitat allows a better penetration of moonlight during the full moon. However, the paucity of data precludes a correlation between this species activity and the lunar cycle. According to Bates (1949) , an endogenous stimulus to hematophagic activity could in some cases influence mosquito behavior independently of environmental aspects. Lourenço-de-Oliveira and Silva (1985) suggested the existence of a "possible cycle" in mosquito activity according to the phases of the moon. This "cycle" would begin with minor activity of the mosquitoes in the last quarter moon. An increase would take place during the full moon and maximum activity would occur in the first quarter moon. During the new moon a decrease in activity was observed.
However, according to the data presented by these authors, those of Degallier et al. (1978) and the present observations, we believe that this "cycle" does not exist. Even though Williams averages for biting activities of mosquito species displayed in Fig.  2 indicate that samples collected during the new moon were more abundant, the Kruskal-Wallis test demonstrated that there is no significant influence of the lunar cycle upon the mosquitoes population. Guimarães et al. (2000 a,b) observed that non-biotic factors exert a holistic influence upon the mosquito fauna in PESM. The lunar cycle could be one of these factors, but according the Kruskal-Wallis test a direct influence of this factor upon the mosquito species could not be demonstrated.
